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The lack of TBPH induce the expression of retrotransposons in Drosophila 83 We have previously indicated that the molecular function of TBPH is permanently 84 required in Drosophila motoneurons to prevent muscles denervation, locomotive defects 85 and early neurodegeneration (Romano et al., 2014) . In order to identify the molecules 86 involved in the neurodegenerative process initiated by the absence of TBPH, we utilized 87
Drosophila melanogaster to analyze differences in the patterns of gene expression 88 between wildtype and TBPH minus flies. For these experiments, the mRNAs expressed 89 in adult heads of TBPH-null alleles (tbph Δ23 and tbph
Δ142
) and wildtype controls were 90 isolated to hybridize GeneChip Drosophila Genome 2.0 Arrays. Intriguingly, the 91 statistical analysis of these experiments revealed that 12 out of the 79 transposons, 92 present in the microarray, appeared dysregulated in TBPH-minus alleles compared to 93 wildtype ( Figure 1A and Figure 1 -figure supplement 1). Interestingly, we observed that 94 the great majority of these transposable elements belonged to the long terminal repeat 95 (LTR) family of retrotransposons. In particular, we found that accord and gypsy were the 96 most upregulated LTRs in TBPH mutants ( Figure 1A ). The modifications described in 97 the microarray, were independently confirmed by quantitative RT-PCR (qRT-PCR) using 98 different combinations of primers against the RNA sequences transcribed from these 99 elements ( Figure 1B ). In addition we observed that the glycoprotein env, codified by 100 gypsy (Song et al., 1994; Teysset et al., 1998; Touret et al., 2014), emerged upregulated 101 in TBPH-minus heads compared to controls demonstrating by a different methodology 102 that the activity of this retrotransposon was increased in mutant tissues ( Figure 1C ). More 103 importantly, we found that the genetic expression of the TBPH protein was able to 104 repress the activation of accord and gypsy in TBPH mutant backgrounds, demonstrating 105 that the role of TBPH was rather specific ( Figure 1B and C). 106 107
The activation of retrotransposons causes motoneurons degeneration in TBPH-null 108 flies 109
The observations related above indicate that the endogenous function of the TBPH 110 protein must be required to prevent the activation of retrotransposons in vivo. 111
Furthermore, the data suggests that the mobilization of these elements may contribute to 112 the phenotypes induced by the absence of TBPH activity in Drosophila neurons. To test 113 these possibilities, we treated TBPH-null flies with different combinations of nucleoside 114 and non-nucleoside revert transcriptase inhibitors (NRTI and NNRTI) (Usach et al., 115 2013). These compounds, are antiretroviral inhibitors that prevent the replication of 116 endogenous retrotransposons by interfering with the enzymatic activity of the reverse-117 transcriptase or, behaving as chain terminators. As a result, we noticed that the oral 118 administration of the NRTIs: stavudine, azidotimidine, tenofovir and abacavir, together 119 with the NNRTI rilpivirine were able to revert the locomotive defects described in 120 TBPH-minus flies during larvae development ( Figure 2C) . Surprisingly, we noticed that the genetic rescue of the locomotive 138 behaviors induced by the suppression of gypsy in TBPH-null backgrounds was followed 139 by the regrowth of the presynaptic terminals and the recovery of the glutamate receptors 140 clusters present at the postsynaptic membranes ( Figure 2D-G found that the mRNA levels of RNase Dicer-2 (Dcr-2) where the only transcript 179 significantly downregulated in two independent loss of function alleles of TBPH ( Figure  180 3B and Figure 3-figure supplement 1) . Furthermore, we observed that the protein levels 181
of Dcr-2 were similarly downregulated in TBPH-minus heads compared to controls 182 ( Figure 3C ). Figure 3D ). Additionally, we observed that TBPH 191 was also capable to bind Dcr-2 at the protein level demonstrating direct protein-protein 192 interactions between these molecules in Drosophila neurons ( Figure 3E ). Interestingly, 193 we found that the suppression of TDP-43 in human neuroblastoma SH-S5Y5 cells 194 produced a similar reduction in the expression levels of the human protein Dicer 195 suggesting that these regulatory mechanisms must be conserved among the species 196 ( Figure 3F ), (Kawahara and Mieda-Sato, 2012 Figure 4A ). Moreover, we found that the recovery of the fly locomotion due to 216
Dcr-2 expression was followed by the outgrowth of the motoneurons synaptic terminals 217 and the reinnervation of the underlying muscles ( Figure 4B and C). These modifications, 218
were followed by the reorganization of the glutamate receptor clusters at the postsynaptic 219 membranes ( Figure 4D and E). In addition, we detected that the expression of UAS-Dcr-220 2 was able to revert the overexpression of gypsy in TBPH-mutant brains ( Figure 4F ), 221 demonstrating that the alterations in Dcr-2 levels were responsible for the abnormal 222 activation of gypsy and the neurodegeneration associated with defects in TBPH. In 223 addition, our results predict that therapeutic interventions aimed to potentiate Dcr-2 224 activity along with the siRNA machinery, would be beneficial to prevent the 225 neurodegeneration occasioned by alterations in TBPH function. In agreement of this idea, 226
we observed that TBPH-minus larvae treated with enoxacin (Shan et al., 2008) were able 227 to recover their locomotive problems and motoneurons synaptic defects revealing that 228 similar therapeutic strategies could be beneficial in patients with ALS ( Figure 4G-J Approximately one hundred Drosophila heads for each genotype (GMR-GAL4/UAS-384 TBPH and GMR-GAL4/+) were collected by flash freezing and homogenized in 385 immunoprecipitation buffer (20mM Tris pH7.5, 110mM NaCl, 0.5 % Triton X-100, and 386 protease inhibitors (Roche #11836170001)) with a Dounce homogenizer. Lysates were 387 subjected to 0.4g centrifugation for 5 minutes to remove largest debris and protein 388 content quantified by BCA (#23225, Thermo Fisher Scientific). Equal protein amounts 389 were added of protein G magnetic beads (#10003D, Thermo Fisher Scientific) coated 390 with anti FLAG-M2 antibody (#F3165, Sigma). After an overnight incubation on rototor 391 at 4°C, beads were subjected to washes and finally heated 70°C for 10 minutes in 392 1XSDS-PAGE loading dye to elute immunoprecipitated proteins that were subsequently 393 immunoblotted with anti-TBPH and anti-Dicer2. 394
Immunoprecipitation for RNA enrichment 395 Drosophila heads collected by flash freezing in liquid nitrogen (elav-GAL4/UAS-TBPH 396 and elav-GAL4/+;UAS-TBPH F/L /+) were homogenized in immunoprecipitation buffer 397 (20mM Hepes, 150mM NaCl, 0.5mM EDTA, 10% glycerol,0.1% Triton X-100, and 398 1mM DTT plus protease inhibitors (Roche #11836170001)) with a Dounce homogenizer 399 and the lysate subjected to 0.4g centrifugation for 5 minutes to remove largest debris. 
